In the course of study on photoreduction of ferricytochrome c, transient absorptions of photolyzed indole were found over the range 600-800 nm, where usually the absorption of hydrated electrons is observed. The assignment of the absorptions was achieved by comparing the rate constants for decay of the absorptions found in this work with those for the absorp tions already assigned and reported. The absorption around 720 nm observed in N2-saturated neutral solution was assigned to the electron-adduct formed by the reaction of indole with hydrated electron. In acidic solution, the absorption peak near 690 nm was observed and assigned to H-adduct of indole. The peak near 710 nm observed in N2O-saturated solution was assigned to OH-adduct, which was produced by the reaction of indole with hydroxyl radical converted from hydrated electron by the reaction with nitrous oxide.
INTRODUCTION
Flash-photolysis and pulse-radiolysis experiments have revealed that indole and related compounds are photolyzed to produce a hydrated electron and a radical cation which easily loses a proton to form a neutral radical at neutral pH.'-" The intermediate species have been confirmed by identification of transient absorptions. The absorptions at 330-340 and 565-600 nm observed in acidic solution were assigned to the radical cation and the absorptions at 330 and 510 nm observed in neutral solu tion to the neutral radical.
In the course of study on photoreduction of ferricytochrome c,5' new transient absorptions of photolyzed indole were found over the range 600-800 nm, where the absorption due to hydrated electron is usually observed at the early stage of flash photolysis. 1-4' The transient absorption around 720 nm observed in N2-saturated neutral solution was rather long-lived (z=200 ,usec) and the lifetime was longer than that (z=26 ,usec) of hydrated electrons estimated from the experimental condition. The transient absorptions over the range of long wavelength were observed also in acidic solution (pH 2.5) and in N20-saturated solution, although the absorption peaks altered according to the conditions. This paper deals with the assignment of the transient absorptions over the range of long wavelength achieved by conventional flash-phtolysis experiments. From the comparison of decay rates of the transient absorptions, the absorption around 720 nm observed in N2-saturated neutral solution of indole was assigned to an electron-adduct and the absorption near 690 nm observed in acidic solution to H-adduct of indole. Similarly the absorption around 720 nm observed in N2O-saturated solution was attri buted to OH-addut of indole.
MATERIALS AND METHOD
All chemicals used were of highest purity available commercially.
Solutions for illumination were prepared with triply distilled water, adjusted to the desired pH with 0.1 N NaOH or 0.1 N N2SO4 and saturated with nitrogen, oxygen or nitrous oxide by bubbling for about ten minutes.
Conventional flash-photolysis apparatus used in the present work was described in detail elsewhere."
Input energy was 200 J. Duration of flash light was 12 micro seconds.
Transient spectra were measured by a kinetic spectrophotometric method. 
RESULTS

Transient Absorption Peaks
In Fig. 1 , transient absorption spectra measured at 100 psec after flash are shown for N2-saturated (pH 6.8 and pH 2.5) and N20-saturated aqueous solutions of indole. In N2-saturated neutral solution, the absorption peaks were found at 320, 510 and 720 nm. Besides, the shoulders near 350 and 440 nm were observed.
To ascertain the absorption peaks, the difference spectra were obtained as the difference in absorbance between 20 and 100 psec after flash (Fig. 2) . The absorption peaks of the difference spectrum for N2-saturated neutral solution are in good agreement with those observed at 100 asec, except the shoulder near 440 nm. For N2O-saturated neutral solution, the transient spectrum at 100 sec after flash showed the peaks at 310, 510 and 720 nm and also the shoulder at 360 nm ( Fig. 1 ), while the difference spectrum gave the peaks at 330, 360, 510 and 710 nm (Fig. 2) . For N2-saturated acidic solution (pH 2.5), the transient absorption spectrum showed the peaks at 310, 410, 580 and 700 nm ( Fig. 1 ), while the difference spectrum yielded the peaks at 330, 565 and 690 nm. The absorp tion peaks are summarized in Table 1 . Absorbance at 20 psec after flash was esti mated by extrapolation of oscillogram, when the exciting light interfered the measure ment of absorption because of poor intensity of monitoring light. 
Decay of Transient Absorptions
For decay of transient absorptions, kinetic plots were examined to obtain the rate constants for the process.
The kinetic analysis failed to find a proper rate expression that is followed by decay of transient absorption covering 80-90 per cent of the entire process.
The complexity of the decay process indicates that the transient absorptions are composed of more than one component of a different decay rate. The second order kinetics which was expressed by 2A-products, however, gave better plots up to at least 50 per cent of the process than the first order kinetics.
By the kinetic treatment, the values of 2k/sl were obtained from the slopes of straight lines fitted to the experimental points. These values are summarized in Table 2 , together with 2k's estimated by the assumption that the molar absorption cofficients, e, for transient species produced in photolysis of indole can be approximated by those for the tran sient species of tryptophan.
The estimated values of 2 k are significant at least in (shoulder), 440 (shoulder), 510 and 720 nm were observed as absorption peaks at 100,usec after flash (Fig. 1) . The difference spectrum between 20 and 100 psec showed the absorption maxima at 320, 350 (shoulder), 510 and 700 nm (Fig. 2) . The absorp tion peeks at 320 and 510 nm can be assigned to the neutral radical of indole. Santus and Grossweiner2' also reported that the absorption peaks at 330 and 510 nm were assigned to the neutral radical of tryptophan.
The rate constants for decay of absorptions at 320 and 510 nm were almost the same with each other. It supports that both absorption peaks are attributed to the same species. Absorption near 720 nm is not due to hydrated electrons, because rate constant for the reaction of hydrated electron with indole was reported to be 1.9 x 108 M-1 sec-1 and 2 X 10-' M indole should be sufficient to scavenge the hydrated electrons within 100 ,usec. Moreover, as shown in Table 2 , closely resemble rate constants for decay at 350 and 700-720 nm lead to the same conclusion.
Since deprotonation of the radical cation of indole is suppressed by H+, the tran sient absorption of the radical cation will be expected in acidic solution.
The absorption spectra of radical cations were reported to have peaks at 340 and 565 for indolel' and at 340 and 580-600 nm for tryptophan1'2', respectively. The absorption peaks at 330 and 565 nm observed in acidic solution are assigned to the radical cation.
At pH 2.5, hydrated electrons are converted to hydrogen atoms by reaction (3) (z=1.3 X 10-' sec). The H-adduct of tryptophan was reported to show the absorption peaks at 310 and 345 nm.s' A peak near 690 nm is not attributed to the radical cation, because the rate constant for decay of the absorption at 690 nm differs from those for 330 and 565 nm ( Table 2 ). The absorption peak may be assigned properly to the H-adduct of indole. Decay of the absorption at 335 nm was slower than that for 565 nm. This may be due to the overlap of the absorptions of the H-adduct and the radical cation. Decay of the absorption at 310-350 nm seems to be composed of two components, slow decay of the H-adduct and fast decay of the radical cation.
In N2O-saturated solution, hydrated electrons are converted to OH radicals (r= 4.8x10-'sec). Since OH radical rapidly reacts with indole to give OH-adduct (r= 3.6x10-'sec), formation of OH-adduct must be completed within 20 psec after flash. Transient absorption spectrum of indole in pulse-radiolyzed N2O-saturated neutral solution, reported by Armstrong and Swallow," shows the absorption peaks at 310, 325, 345, 420 (shoulder) and 535 nm, which were assigned to the OH-adduct of indole. In the present experiment, the difference spectrum between 20 and 100 1-csec after flash showed the peaks at 330, 360, 510 and 710 nm ( Fig. 2 and Table 1 ). Rate con stants for decay at the absorption peaks are shown in Table 2 . The rate constants for decay are in good agreement with each other except for 510 nm. The absorptions near 330, 360 and 710 nm are attributed to the same species, probably the OH-adduct of indole. The rate constants, -9x 108 M-1 sec-1 for decay of the absorptions at 330, 360 and 710-720 nm are close to the rate constant, (7.7±0.9) x 108 M-1 sec-1 given by Armstrong and Swallows' for decay of the OH-adduct of tryptophan.
The species corresponding to the absorption at 510 nm are not clarified at present. However, the neutral radical is a probable candidate species. The absorptions with the peak at 710-720 nm were similarly observed in N2-saturated (pH 6.8 and 2.5) and N2O-saturated solutions of tryptophan.
This suggests that the argument for the transient absorp tion over the range of long wavelength will be applied to the case of indole deriva tives.
